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The Case for the Higgs # July 26™ 2010

The Standard Model of particle physics
Describes known particles & interactions
Does not describe mass generation

The BEGHHK* mechanism may be a
solution

The theory predicts a new particle, but
not its mass

If it exists, the mass must be determined
experimentally Leptons

* F. Englert and R. Brout, Phys. Rev. Lett. 13: 321-323 (1964);
P.W. Higgs, Phys. Rev. Lett. 13: 508-509 (1964);
G.S. Guralnik, C.R. Hagen, and T.W.B. Kibble, Phys. Rev. Lett. 13: 585-587 (1964).
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Experimental Constraints g July 26" 2010

X Existing experimental results can point us in the right direction

Direct search at LEPII resulted in lower mass bound: MH>1 14.4 GeV

Refinements of top-quark and W-boson masses can indicate Higgs mass
Top Mass: CDF+D@: 173.1 % 0.6 (stat) * 1.1 (syst) GeV

W Mass: Tevatron measurements on track to dominate world average
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Indirect Experimental Evidence # July 26" 2010

X Existing experimental results can point us in the right direction
Direct search at LEPII resulted in lower mass bound: M_>114.4 GeV

Refinements of top-quark and W-boson masses can indicate Higgs mass
A fit of precision electroweak data yields: M < 185 GeV at 95% C.L.
(M, < 158 GeV not including the LEP II limit )

July 2010 Myt = 158 GeV
P20 I 6T 1
1 —LEP2 and Tevatron (prel.) 7] A =
°« had —
80.54 = LEP1and SLD 5 1 1 —0.02758+0.00035 7
68% CL y %} --0.02749+0.00012
—_ 4 - 2 % e incl. low Q? data —
q>) ]
D i R 3- -
= 80.4 Lt 5 3
= 1 ]
S 2 -
80.3 1 14 , n
y 0 | Excluded X / Preliminary |
150 175 200 30 100 300

Wade Fisher Tevatron Standard Model Higgs Searches



. . . FNAL W&C
Indirect Experimental Evidence # July 26™ 2010

¥ Existing experimental results can point us in the right direction

(M, < 158 GeV not including the LEP II limit )

August ?009 : : I : : 6 August 2009 M i = 157 GeV
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Probing the range 100 < M < 200 GeV is a crucial next step
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X Generations of physicists are eagerly awaiting the next chapter
The Tevatron collider provides an excellent hunting ground
Both experiments (CDF & D@) have been delivered >9 fb! as of July 2010!

At least one more year of running planned beyond 2010

The Continued Higgs Search

Tevatron Accelerator Complex Luminosity Delivered to CDF
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Tevatron Experiments Mg July 26" 2010

x Tevatron experiments: multipurpose detectors with broad particle-ID capability

Stable detectors and trigger. No further upgrades planned.
Efficient data taking through the highest instantaneous luminosities
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Tevatron Higgs Search Strategy

—_—

Higgs production via gluon fusion dominateA
at the Tevatron

Large multijet background makes fully
hadronic searches difficult

Cross section (pb)

Next largest rate is associated production of
W/Z bosons + Higgs

Leptonic decays of W/Z bosons provide a

\ tag for triggering and analysis /

ﬁow—mass Higgs (M, < 135 GeV ) prefers to decaﬁ
to bottom-quark pairs

Need efficient identification of bottom quarks to
reduce backgrounds

At high mass (M, > 135 GeV ), search for H-WW

Potential for an off-shell W boson allows non-

e

\ resonant production /
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Higgs Search Channels # July 26™ 2010

ﬂ&ssociated Production: 3 dominant final states. Up to M =150 Ge%

-

Gluon Fusion Production:
Search from 110 < MH < 200 GeV

Maximum sensitivity near M_=165 GeV

.
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Higgs Search Channels

I& 9{:} °

~ Main Channels m— Total

= 80 Onlvy! —

5 nly! H->WW-olvlv
7{:} — Em

58 WH-—Ilvbb

= ZH—vvbb
== ZH-IIbb

120 130 140 150 160 170 180 190 200

Wade Fisher Tevatron Standard Model Higgs Searches



FNAL W&C

Higgs Search Channels # July 26" 2010

A broad search program!

TABLE I: The production cross sections and decay branching fractions for the SM Higgs boson assumed for the combination.
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Backgrounds & Rates # July 26™ 2010
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Backgrounds & Rates # July 26™ 2010
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Backgrounds & Rates # July 26™ 2010
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ﬂ&ssociated Production: 3 dominant final states. Up to M =150 Ge“

Searching for a Low Mass Higgs

b
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Selecting Vector Bosons g July 26" 2010
dv =
x Identify events consistent with W/Z decays / F

Trigger on electrons, muons, or MET

W bosons: Select significant missing transverse Jet
energy (MET) as a signature for neutrinos

Z bosons: Charged lepton signature very clean
and have highly-efficient triggers.

Z bosons: “Invisible” decays can be a challenge. Hadfomc
Calorimeter
" ] Electromagnetic
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Recovering Leptons Mg July 26" 2010

x For finding weak bosons, charged leptons are Higgs-search gold

Much effort has been poured into lepton recovery efforts to great success

£ wl jn=0
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= 5;_ Muan Chambers I
= —
DO - '
: |
3 | .
: )
2 E— S’“E'd“‘-" _, l\ ——
1 i— ‘ I Calorimeter “ “
0: O
2 ElectronT? | O \ B ==
2 :_Central uon
rMuon -Chamber
1 :_Chamber Extension_;
di Tracks in detector Electrons between
Al _f support regions cryostats
2t 1
3t i .
3 }, o0 1N 3 x MET + Jet triggers found to help
n . . . .
Forward MIP Central MIP Isolated Tracks bOOSt muon trlggerlng efflCICHCy
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Final-state NS e,

Jet Selections

¥ Finding H—bb decays requires two hard jets

But hadron colliders are jet factories!

Predictions and simulations are notoriously difficult ~ 2%
®-
A lot happens between hard-scatter and detection. e
. . , e |
Both rates and distributions are uncertain set e
e
A lot of work goes into getting this right. ==
Hard-scatter
interaction
,\
o F 80000F , L
= - .. i [ —_ W+2
S6000-D2 Preliminary We2iel § [ DO Preliminary il N SIR
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[
Jet Selections g July 26" 2010
¥ Finding H—bb decays requires two hard jets Final-state "‘;-.:"-."'Z il
: . . showermg e e e
But hadron colliders are jet factories! W Xy

Predictions and simulations are notoriously difficult . % . ~)}_ K
A lot happens between hard-scatter and detection. My
Both rates and distributions are uncertain set

A lot of work goes into getting this right. =
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. . 1
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Identifying b Quarks # July 26" 2010

Jgl Background reduction
Displaced tracks via the identification
/) of displaced jet decay
Docay okings //%econcl_gry . vertices ( b-Tagging )
Primary vertex -~/ Typical tag efficiency:
%o\ Y 50-70% real b quarks
Prompp tracks 0.5-5% light quarks

O Tagged Jets 1 Tagged Jet 2 Tagged Jets

W2 Jets, 0 b Tags CDF Preliminary, L = 5.6 b W + 2 Jets, SVnoJP CDF Preliminary, L = 5.6 fb™ W+ 2 Jets, SVJP  CDF Preliminary, L=5.6 fb”
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> - Ot S > 300 FIW+HE s 5> _ 1 FIW+HF a
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Q BW+LF T 8 - [ Other T8 [ W Other B
© [l Other N ® 200 = WH115x5 N ®© I WH115x5 =
25000 g 2 i g 2 [ g
S 2 § 100} 2 8§ | z
(& (& i (&
100 200 300 300
Dijet Invariant Mass [GeV/c'] Dijet Invariant Mass [GeVIc"] Dijet Invariant Mass [GeVIcz]
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Tough Backgrounds # July 26 2010

Run 248968 Evt 48062268 Fri Jan 23 06:59:26 2009

¥ For ZH—-vvbb the search is more difficult: Pt

no charged leptons!
Rely on large MET (neutrinos!)

Large “instrumental” background from
mismeasured jets

MET significance and correlation of calorimeter &
tracker MET measurements helps identify

10

background
Multivariate analysis techniques ultimately control E
multijet background T
o x10° | | | Analllysis sgmple (gre bta%) x10° Analysis sample (pre btag)
A L L UL L L BRI & < L LI LR LA BB W LA IR LA IR N
v 35 DO Prelimina d ! — Q 9 DO Preliminary (5.5 fb™
o -4-Data 3 o -4-Data
@ 30F [iTop 4 a SEeh w Top
= BB V+h.i/VV 1 € 7 B V+hf/VV
S 25 Valf. e | 4 g Va4lf.
T I Multijet i o 6 I Multijet
20E- [C]VH x 500 I I c 5 [JVH x 500
15 = 4

0 02 04 06 08 1
Multijet DT

@\l 111

E; Significanc
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Dijet Mass Resolution g July 26" 2010

¥ The H—-bb mass resonance is the key to the low mass Higgs search
Narrow mass resonance is the primary background discriminating variable

Intrinsic calorimeter resolution can be improved using clever techniques

¥ For ZH-IlIbb candidates, there should be little or no MET
Any missing energy likely comes from jet mis-measurement
Algorithms to recalibrate in situ have shown to be successful.

Ongoing work with a lot of promise!
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= = 400
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200
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250 300 350 400
Missing E (GeV) M;; (GeV/c?)
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High Mass Searches
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“ July 26™ 2010

-

Gluon Fusion Production:

.

Search from 110 <M <200 GeV
Maximum sensitivity near M_=165 GeV

Wade Fisher
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Events / fb™!
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High Mass Basics mg July 26" 2010

The traditional workhorse of the high mass
Higgs search has been the dilepton+MET
final state

Clean signature helps reduce major
backgrounds

-1 ® Data S —
Dﬂ 5.4“) Bkgd.syst. 10 T T |’ T T

»
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10° 0
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10
1 ttbar
l 0 Signal x 10
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High Mass Basics mg July 26" 2010

The traditional workhorse of the high mass
Higgs search has been the dilepton+MET
final state

Clean signature helps reduce major
backgrounds

Spin conservation helps to separate H-WW
from SM WW production.

Analyzing exclusive jet final states helps to
isolate different background classes.

CDF Run Il Preliminary 0 JetS [ L=591b" CDF Run Il Preliminary 2+ JetS [ L=591b"
o FOSDJets et S asf OS 2+ Jets et
= 180f 2 vy = - 2 Wy
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£ 160 nz c =
- o 2 st
= ww —
w 140: EIHWWX1D w -
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40f- 10F-
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D-l | U:

45 - I5 0 0.5 1 1.5 2 25 3 35 4 45 5
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Digging Deeper # July 26™ 2010

A strong push to “Leave No Higgs Behind” 32 4
has led to several promising new channels. Jets 8 E

H—-WW-1lvjj decays g

Jets

Tapping into a large “lost”
well of events! tau

I‘I‘lll>

Traditional HH-WW-Ivlv search

Electron Channel, M_=190 GeV/c? Muon Channel, MH=165 GeV/c?
4000F — : — —
o~ n - g o] C b
° | - S 2000F . =
% 3000 = - -n- w o : w
- AN

(5 E lia —- °_ -

w Jr— L]
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(- C -

1000
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Digging Deeper # July 26™ 2010

A strong push to “Leave No Higgs Behind” uon Channel, 2165 Gevie
. . S 2000k © ey
has led to several promising new channels. 500k o ;
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Digging Deeper # July 26™ 2010

A strong push to “Leave No Higgs Behind” . } fgwr RESSTATRIOE
8" ® 2000F -
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Theory & Uncertainties # July 26" 2010

Tevatron progress has brought much interest
from the theory community

0.07- — Pythia, m, = 160 GeV

State of the art gg—H cross section

calculations appear frequently (currently 0-05?
NNLL+NNLO) 24

de Florian & Grazzini (Phys.Lett.B674:291- ZZZ 1
294, 2009) :

0.01-

Soft-gluon resummation treatment 0005 v Lo L s
-0 20 40 60 80 100

MSTW2008 PDFs ar (GeVic)

Anastasiou, Boughezal, Petriello
(JHEP209042003, 2009) 1.8 : ;
—— WW —eep =05/

Proper treatment of b-quarks at NLO 16l I

— WW s eap =211

0.06 — HqT, m,, = 160 GeV
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Inclusion of two-loop EW effects 1al

1.2 —|—
More information of our choices and comparisons 1l
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http://tevhphwg.fnal.gov/results/SMHPubWinter2010/ : ‘ - ~
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Extracting a Signal # July 26™ 2010

Signal extraction has come to rely heavily upon Random Decision Tree Forest
Multivariate Analysis (MVA) g D2 Proliminary W+ 2iet/2 bizg w
. . . w - L=53fb Wi
Boosted decision trees, Neural Networks, Matrix 3sf- EMUIJt?tJet
Element Discriminants b =§V i’cc
Native S/B ratios too small on their own (~1/1000) 250 E\?\;E(’j?"

Techniques not always clear to non-experts,
leading to a “black box” perception

|

Validation steps taken in many areas

Bayesian Neural Network

07 075 08 08 09 095 1

All Lepton Types DT RF discriminant for m =115 GeV

— ST+NN CDF Run Il Preliminary (5.7 fb")
g Matrix Element Discriminant
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0 0102 03 04 05 06 0.7 08 09 1 e . . .
BNN output (M =115) Event Probability Discriminant
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MVA Validation Steps # July 26" 2010

Both CDF and D@ have studied SM diboson production to test MVA validity
Analyses measure production of WW+WZ—1vjj
Analog of WH—1vbb search using a calibration signal

Utilize nearly identical search strategies: capitalize on W—jj resonant mass

CDIF .R“r.' I! Fl'nlalimilneliry, .L=4.'6. ftl:-"l

3,33"“” " EPD < 0.25 ;}3 B0 025 <EPD <05
Q0 [ (] [
.WW+WZ mz&nn w
[ wejets 22000 2
10* [Non-w '-%1509 L%
.Z+jets
8 .Top 1000 F
o 103 = Data 500 F
~ 3
§2)
GCJ 3] T T ™ T T T
2 2 05<EPD<0.75 £ 120F 3,75 < EPD
o 10 @ =z * Data
0 300} |G 100F + ]
© o W ww+wz
10 E g sof [JW+ijets
o0 L i
: w w gof DNnn—W
0 0.2 0.4 0.6 0.8 1 ; W Z+jets
Event Probability Discriminant 1ol 40F
Il Top
-
1]
200 50 100 150 200
M, (GeVic®) M, (GeVic?)
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MVA Validation Steps # July 26" 2010

Both CDF and D@ have studied SM diboson production to test MVA validity
Analyses measure production of WW+WZ—1vjj
Analog of WH—1vbb search using a calibration signal

Utilize nearly identical search strategies: capitalize on W—jj resonant mass

- - < -
gm):_ D@, 1.1 o' + Data S [ D@ LIfd + Data
o - I Diboson Signal = 2500 — [l Diboson Signal
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s r 82}
o 100:
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o0 — E— i ST PR R s
I 2 )
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Number of Events

Many More Channels to Cover!

- iminary, 1.=3.9 fb"
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FNAL W&C
July 26™ 2010

Net Output (4fb™) —M =120 GeV/c?
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Many More Channels to Cover! Dg July26" 2010
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On to the search results!
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Limits on Higgs Production mg July 26" 2010
: : : : : : ; CDF Run Il Preliminary, <L> = 5.6-5.9 fb™ ‘
(% SM Higgs :Combination éObsergved = m “‘y‘<>““
2 Preliminary, <L>= "~ Pxpected ® |00¢ LEPExclusion.
10 oI TR s [ Expected o = g—
'j E % LLELL] Expecteql |
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July 19, 2010 m,, (GeV) m(GeV/c?)

Combined results for 20 Higgs search channels for CDF + D@ (10 each!)
We combine many Higgs production mechanisms:

Results are reported as multiples of the SM prediction

MH=1 15 GeV: DO 2.7 (2.3) observed (expected)
MH=1 15 GeV: CDF 1.8 ( 1.9 ) observed (expected)

Wade Fisher Tevatron Standard Model Higgs Searches
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Limits on Higgs Production mg July 26" 2010
: : : : : : : CDF Run Il Preliminary, <L> = 5.6-5.9 fb™ ‘
(% SM Higgs :Combination éObsergved = m “‘y‘<>““
3 | L DO Pretiminary, <Lo= - xpeced @ [/ LEPExclusion &
g 10 o ] ikExpected o = % % % % ‘ ‘ ‘
'j E % LLELL] Expecteql |
L e T : 10 | '0"00‘ — Exbocted ‘ ‘ ‘ Lo
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July 19, 2010 m,, (GeV) m(GeV/c?)

Combined results for 20 Higgs search channels for CDF + D@ (10 each!)
We combine many Higgs production mechanisms:

Results are reported as multiples of the SM prediction

MH=165 GeV: DO 1.0 ( 1.1 ) observed (expected)
MH=165 GeV: CDF 1.1 ( 1.0 ) observed (expected)

Wade Fisher Tevatron Standard Model Higgs Searches
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CDF Run Il Preliminary, <L> = 5.6-5.9 fb™

Limits on Higgs Production

;} = Observed
O [ T i xpected 426 =
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100 110 120 130 140 150 160 170 180 190 200
July 19, 2010 my (GeV)

Major milestones achieved!

1) CDF expected limit reaches exclusion level

2) DO observed limit reaches exclusion level

DO 1.0 ( 1.1) observed (expected)

CDF

MH=165 GeV:

MH=165 GeV: 1.1 ( 1.0 ) observed (expected)

100 110 120 130 140 150 160 170 180 190 200

m(GeV/c?)

Tevatron Standard Model Higgs Searches
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Putting It All Together # July 26™ 2010

Tevatron Run II Preliminary, <L.> = 5.9 !

Lo T
= _ 2 * Tevatron Data;
205! my;=165 GeVie [ Background |
mlO . Bl Signal E
1045‘“,.. July 19,2010
E L [ ] ° 3
B o
10 3 3 * 0. o E
: o ]
i e, ]
10 3 ﬂ E
? m :
1 ¢ [} E
al O ]
10 | i
N c] |
10" |
10 B3 : | . | ‘ | . | ‘
4 3 2 1 0 1
log,,(s/b)

A simple way to visualize the sum of input channels is to simply reorder ALL
of the input histogram bins on one plot

This figure shows all bins for M_=165 GeV reordered based on the signal
to background ratio in each bin.

Wade Fisher Tevatron Standard Model Higgs Searches
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Putting It All Together # July 26™ 2010

Tevatron Run II Preliminary, <LL> = 5.9 bt

£10 6 , ' T ‘ T ' T ‘ ]
E ¢ Tevatron Data’
<P 5 - |:| BaCkground : o~ T T T T T m—
>10 E * E B 1
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A simple way to visualize the sum of input channels is to simply reorder ALL
of the input histogram bins on one plot

This figure shows all bins for M_=165 GeV reordered based on the signal
to background ratio in each bin.

Wade Fisher Tevatron Standard Model Higgs Searches
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Putting It All Together # July 26™ 2010

Tevatron Run II Preliminary, <LL> = 5.9 bt

F ' ' T ‘ T ' T ‘ ]
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A simple way to visualize the sum of input channels is to simply reorder ALL
of the input histogram bins on one plot

This figure shows all bins for M_=115 GeV reordered based on the signal
to background ratio in each bin.

Wade Fisher Tevatron Standard Model Higgs Searches
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Another way to test significance: The Log-Likelihood Ratio
Basic test statistic of the Frequentist statistical method used here.

Arise from the ratio of Poisson likelihoods for Background-Only and
S+B hypotheses.

Tevatron Ru:nII Prellmlnary

- LELRb +1 o
15 | '

10
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--"E

: d
ngnal+Bkgd : %

1 -
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July 19, 2010 my, (GeV)
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Limits on Higgs Production mE July 26" 2010
Tevatron Run I1 Preliminary, <L>=59fb"
j R
% LEP Exclusmn - Tevatron
210 b i Exclusion|
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1
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Combined 95% CL exclusion values from the Bayesian calculation
High mass exclusion grows to 158 < M < 175 GeV ( M_=165: 0.68 x SM )

Sensitivity to low mass Higgs growing rapidly ( M_=115: 1.56 x SM )

Wade Fisher Tevatron Standard Model Higgs Searches
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Limits on Higgs Production ‘F July 26™ 2010
Ll) - Tev'atron Run 11 Preliminar'y — 1 CL Expected

1.2 _- ............... .....

- Expeoted +lc
: E:Expec:ted +2:G

99.3% C.L.

100 110 120 130 140 150 160 170 180 190 200

July 19, 2010

m,, (GeV)

Exclusion probability shows the Tevatron has >80% CL exclusion
ability over most of the mass range probed.

Wade Fisher Tevatron Standard Model Higgs Searches
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FNAL W&C
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At first glance, the impact to the EW global fit may not seem significant.

6 July 2010 m .= 158 GeV
(5)
5 4 Al = |
: 1 —0.02758£0.00035
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6 July 2010 M mit = 158 GeV
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3 — —
2 — —
1 B LICY B
0 Excluded O A Preliminary
1 1 1 1 1 1 'I 1
30 100 300

Wade Fisher
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Impact to the Global Fit
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? July 26™ 2010

At first glance, the impact to the EW global fit may not seem significant.

However, the AX? separating low and high mass regions has more than tripled!

The fit is pointing even more to low M_, where the Tevatron search is strong.

6 July 2010 m .= 158 GeV
(5)
5 4 Al = |
: 1 —0.02758£0.00035
7 L 4 - 0.02749£0.00012
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6 July 2010 M mit = 158 GeV

(5) |

5- I Al g = |
i —0.02758+0.00035

1 1§ - 0.02749:0.00012 T
%t ... jncl low Q° data

0 Excluded 5,

30 100

Wade Fisher
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The Tevatron direct search information can be combined with the global fits.

Impact to the Global Fit

At low MH, Tevatron results now drive the most favored values.

The allowed regions are getting very tight: hiding places are disappearing quickly!

Can compare with and without LEPII & Tevatron direct searches (today's result!)
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The Tevatron's Road to the Higgs
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The Tevatron's Road to the Higgs

Can I'we get ‘a map of
where thls road ends?

Wade Fisher Tevatron Standafd Model f{igg-s Searches - 510)
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Higgs Sensitivity Projections # July 26™ 2010
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16 fb!:

30 expected from Tevatron Preliminary Projection

100-180 GeV : " T
~40 at 115 GeV . I

L

(fb™

2011 Data:

>2.40 expected over
entire mass range

A Priori Expected Sensitivity ¢
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With Projected Improvements mH (GEV/ 02)
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Conclusions DN July 26" 2010
X We are working hard to find a Higgs boson Tevatron Run II Preliminary, <> =59 fiy’

Dedicated efforts at CDF & D@ are boosted by 20 N povatror
excellent Tevatron performance E -

Low mass Higgs searches are mature and 3 e S
beginning to explore broad improvements to D S S N R
analysis technique 2 .

Expected limits are below a factor of 1.8 of the < BTN i =

f — ey
SM prediction up to M, =190 GeV 100 110 120 130 140 150 160 170 180 190 200

m,(GeV/c?)

X Our exclusion region is growing!
Tevatron Preliminary Projection
We exclude 158 < M_ < 175 GeV ~20 ¥/ 7
Q

CDF & D@ have each hit exclusion milestones 515 e \ U ° s
Low mass search getting very interesting § . 5
510 [ 3
Expect constant improvement for all mass ranges gs 2%
as our search matures 13

0
100 110 120 130 140 150 160 170 180 190 200
With Projected Improvements my (GeV/cz)
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Reliable Higgs Web Resources mE Jul 26" 2010

http://www-cdf.fnal.gov/physics/new/hdg/hdg.html http://www-d0.fnal.gov/Run2Physics/higgs/
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CDF (the Collider Detector at Fermilab) is a multi-purpose

MEssana Ll st/ S experiment, which does an in depth study of the forces,

Quest for the Higgs
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This working group combines CDF and D@ results on searches for New Phenomena and Higgs bosons on
behalf of the collaborations.

New 4th Generation Higgs Search Results

May 2010 Combined CDF and D@ upper limits on gg—H— W*W- and Constraints on Fourth-Generation Fermion

Models, with L=4.8 fb™! (CDF)and 5.4 b1 (D@). Submitted to Phys. Rev. D Rapid Communications. Assuming a heavy
sequential fourth generation of fermions, 95% C.L. exclusion for a Higgs boson with mass my between 131 and 204

GeVic?.

New MSSM Higgs Search Results

March 2010 Combined CDF and D@ upper limits on neutral MSSM Higgs boson production in the h/A/H—1T decay
mode with L=1.8fb™! (CDF) and 2.2 ™! (D@). Preliminary results.

New SM Higgs Search Results

http://tevnphwg. fnal.gov/
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Theory & Uncertainties # July 26" 2010

Tevatron progress has brought much interest
from the theory community

0.07- — Pythia, m, = 160 GeV

State of the art gg—H cross section 0.06 —— HaT, m,, = 160 GeV

calculations appear frequently (currently 0-05?
NNLL+NNLO) 24

de Florian & Grazzini (Phys.Lett.B674:291- |
294, 2009) e

Soft-gluon resummation treatment 0005 v Lo L s
0 20 40 60 80 100

MSTW2008 PDFs ar (GeVic)

Anastasiou, Boughezal, Petriello
(JHEP:0904:003, 2009)

Proper treatment of b-quarks at NLO s

dS/q; [pb/GeV]

Tevatron 1.96 TeV
gg—H

0.02

2.5 ———— NNLO MSTW2008, m, = 165 GeV 1

Mg = Mg = 165
Hg = Hp =825
Mg = Hp =41.25

Inclusion of two-loop EW effects

More information of our choices and comparisons i
with alternative approaches:

http://tevnphwg.fnal.gov/results/SMHPubWinter2010/ :
gghtheoryreplies_may2010.html ol

jets
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Issues with gg—H # July 26™ 2010

1. Use NNLO cross-section instead of NNLO + NNLL we currently use

1. We disagree as our parton shower model of gg—H uses PYTHIA which contains a
“resummation” based on multiple gluon emission, and we reweight to NNLO+NNLL
Higgs P |

2. A wider variation of scales should be used for cross-section uncertainty &
cross-section uncertainty should be larger due to differences at higher orders

1. Several studies in the community point to M_/2 being the appropriate scale
2. Research has been done to show that the NNLO+NNLL expansion and higher order
expansion terms are converging and do not require such a large uncertainty

3. Need to include o uncertainties into PDF uncertainties

1. As of ICHEP July 2010 combination, we include this

4. Reconsider how to combine uncertainties from PDF and Qo

1. We consider them uncorrelated because PDFs are determined largely experimentally,
and scale is a choice in perturbative expansion

2. We tested the recommended reconsideration to our procedure, and found negligible
dependence of PDF on scale choice

Wade Fisher Tevatron Standard Model Higgs Searches
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Multivariate Analysis g July 26" 2010

Neural Network
CDF Run II Prellmmary 5.7 fb :

We utilize a range of different techniques

Some techniques are less sensitive to modeling of § : | e s
correlations 5 ool § A
Some techniques are less sensitive to degrading B =§1i:m :
effects of systematic uncertainties wol. =§,ﬂ” '
Different tools are appropriate for different jobs, I e e ]

and each is scrutinized in fine detail 2

=
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Putting It Together: M =125 GeV # July 26" 2050

Tevatron Run II Preliminary, <LL>=5.9 b

"210 61 | 2 I ’i‘evat‘ron Datai

g § mH=125 GeV/e |:| Background 1 ~ L I T L L L L B bw I B B B B
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104 — e, July 19,2010 * Q 75 _ H>EF9 b [ Signal E
Y ‘2 : —] — 11 s.d. on Background 1
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A simple way to visualize the sum of input channels is to simply reorder ALL
of the input histogram bins on one plot

This figure shows all bins for M_=125 GeV reordered based on the signal
to background ratio in each bin.
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MVA Validation # July 26 2010

The diboson card can be played at high mass, too!
Test in CDF WW+0jet final state
Matrix Element discriminant used to measure WW xsec

Matrix Element discriminant input to Neural Network for Higgs search

SM WW Measurement gg—-H—-WW Search
120 CDF Run Il Preliminary [L-59m"
- | SMW*W 8  [0s o Jets, High S/B o
g 100|- E 100l M, =165 GeVi/c? -iv:
= f ~] Background % - o
8 ]
c - = 80
g 89 Data w
S +
N
60 <]
}n\
] L
N B
40 ; 40—
= i
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N 1 1 1 1 1 ] 1 1 Il 1 1 -
% 01 02 03 04 05 06 07 038 09 1 0 e S i — t
Matrix Element Likelihood Ratio (LR ) 1 08 06 04 02 0 02 04 06 08 1

1.6 NN Output
o(pp — WW) =12.1£0.9 (stat.)" ", (syst.) [pb]

Syst. includes 5.9% luminosity uncertainty
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Candidate Event: M =115 GeV FE& FNALWEC

Tevatron Run II Preliminary, <L.> = 5.9 !

N F T ' T ‘ T ' T '
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Data: 5 events
Expectation: 0.8 events
S/B: ~1/2

? July 26™ 2010

Run, Event: 229879, 3787664 Areef
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f
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Candidate Event: M =115 GeV # July 26" 2050

Tevatron Run I Preliminary, <L>=5.9 fb  [Run, Event: 230010, 12199215 CDF Run Il Preliminary
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Expectation: 0.8 events
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